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Introduction: Ceramic friction bearings have been proposed as a means of reducing wear in
total hip replacement (THR). A ‘‘sandwich’’ composite concept including a ceramic bearing
surface has been proposed as simplifying the modularity while matching metal-back cups with
a polyethylene liner. It is not precisely known how frequently abnormal noise would occur during
functioning of this type of implant, which moreover entails a risk of ceramic liner fracture.
Hypothesis: Results with sandwich type ceramic liners are comparable to those with polyethy-
lene liners, without risk of side effects (noise, fracture).
Patients and methods: Clinical and radiological results of 144 cementless Atlas IIITM cups con-
taining a 28mm-diameter polyethylene-ceramic sandwich type liner coupled to a ceramic Biolox
ForteTM head were retrospectively analyzed at a mean 74months’ follow-up. Mean patient
age was 59.4 years. Twelve patients were lost to follow-up. Femoral components comprised
61 ESOPTM anatomic stems and 71 BHSTM Corail stems. The radiologic study used ImagikaTM
software.
Results: Global function scores were satisfactory: PMA score, 17.2± 1.2 (range, 9 to 18); global
Harris score, 93.6± 3.1 (49 to 100). Global survivorship was 91.6% (95% CI: 86.34-96.9). Radio-
clinical analysis found seven liner fractures (5.3%) at a mean 32months; all were non-traumatic
and asymptomatic. Clinical risk factors for liner fracture were overweight, advanced age,
dislocation, prosthetic impingement, increased postoperative offset was a radiologic risk factor.
Despite these satisfactory radioclinical results, matching thoseDiscussion and conclusion:
for metal-backed implants containing a polyethylene liner, close surveillance is mandatory
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with this type of composite implant. The high fracture rate with ceramic-polyethylene sandwich
type liners and relative lack of symptoms warrant caution in their use.
Level of evidence: Level IV, retrospective or historic series.























All patients were assessed by a single examiner (C.S.) who
had not been involved in the surgery. At FU, all patients
were assessed on Postel Merle d’Aubigné (PMA) [8] andIntroduction
Total hip replacement (THR) implants with ceramic fric-
tion couple have been in use since the 1970s, when
the French surgeon Pierre Boutin [1] introduced a bulk
ceramic cup. This new material was intended to limit
the wear debris found in previous metal-polyethylene
friction-bearing implants [2]. The extreme hardness of
ceramic implants, however, was the reason that frac-
ture of the liner or head was observed, at a rate of
2/1000 with almost 2000 cases of ceramic head frac-
ture reported [3,4]. The metal-back cup concept seemed
to solve the ﬁxation problems, and most ceramic lin-
ers are now inserted by means of a Morse taper into
a metal-back cup. To circumvent the risk of fracture,
some manufacturers sought to combine the advantages
of ceramic-ceramic bearings in terms of hardness and
wear and those of polyethylene in terms of shock-
absorption and elasticity by designing a polyethylene liner
in an impacted elastic cup, with the concavity lined
by a layer of ceramic. The resultant liner is commonly
referred to as a ‘‘polyethylene-ceramic sandwich liner’’.
There are, however, many series in the literature report-
ing high rates of fracture in this type of liner [5—7].
Although the frequency of fracture is known, the risk
factors and possible associated noise have yet to be
rigorously studied. The present study sought to deter-
mine fracture rate and risk factors using the Atlas IIITM
cup. The secondary objectives were to assess survivor-
ship and report clinical results and particularly abnormal




A retrospective study was conducted in two centers
(Lille Regional University Hospital Center and Hénin Beau-
mont Polyclinic) from 1999 to 2005. It recruited 144
THRs in 134 patients (10 bilateral). Twelve patients were
lost to follow-up (FU): i.e., FU rate = 90.2%. In all, 132
implants in 122 patients were included with complete
assessment at a mean FU of 74± 22months (range, 62
to 120months). There were 60 male patients and 62
female; mean age at implantation was 59.4± 9.4 years
(range, 26 to 75 yrs). Mean weight was 81.9± 15 kg (50
to 120 kg): 75 kg for females, 84 kg for males. Mean
body-mass index (BMI) was 28.6 kg/m2 ± 5.3 (range, 19 to
40); 40% of patients had BMI≥ 30 kg/m2 (obesity thresh-
old).ethods
he same model of non-cemented Atlas IIITM cup (Fourni-
ures Hospitalières, Heimsbrunn, France) was used in all
atients (Fig. 1). This hemispheric cup in titanium alloy
Ti6AL4 V) had a thickness of 2.5mm. The convex side was
overed by a 120—145 layer of hydroxyapatite projected
y plasma torch. The polyethylene liner included a Biolox
orteTM alumina ceramic inset. Minimum polyethylene thick-
ess was 5mm, with size increasing with cup size. The
bjective is not to increase friction resistance, as no part
f the polyethylene is subject to friction, but rather to dis-
ribute stress. Minimum alumina thickness in the liner was
mm (available only for cup diameters greater than 50mm).
Stems were anatomic, EsopTM (Fournitures Hospitalières,
eimsbrunn, France) in 61 cases, and Corail BHSTM (SGM,
t.-Étienne, France) in 71 cases. The Morse tapers were
2/14mm (5.43◦) for the ESOP stems and 10/12mm (6◦)
r 12/14mm (6◦) for the BHS stems. All heads were 28mm
iolox ForteTM ceramic (Ceramtec, Plochingen, Germany),
ith three neck lengths: −3.5mm, +0mm and + 3.5mm.
he surgical approach was posterolateral in 65 patients and
nterolateral (Hardinge) in 57.Figure 1 Atlas IIITM cup and ceramic sandwich liner.
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Figure 2 Radiologic measurements on ImagikaTM software:





































































in case of liner fracture: mean = 15.8 (10—18) after revisionorizontal inclination.
arris scores [9], with comparison to preoperative data.
ctivity level was assessed by Devane [10] and UCLA score
11]. The Charnley score [12], taken at FU, assessed other
tems of orthopedic and medical history. Axial piston was
xplored for at FU in dorsal decubitus by traction along
he lower limb axis, supported on the other leg. Explo-
ation focused particularly on prosthetic impingement in
xtension and lateral rotation and in ﬂexion and medial
otation. Although the Atlas IIITM cup liner is covered by
olyethylene with an overhang, prosthetic impingement
as perfectly observable when present. Squeaking was also
xplored for. Finally, all patients were asked for their sub-
ective assessment, including satisfaction index on a visual
nalog scale.
All patients underwent the same radiologic FU, compris-
ng AP weight-bearing pelvic view visualizing the superior
hird of the femur, AP hip X-ray centered on the implant,
nd lateral urethral and surgical view of the implant
ide of the hip. A descriptive analysis was made of
he radiological results, with quantitative analysis on
magikaTM software (ViewTeck, Saint-Maur, France) [13].
mplant osseointegration and stability were assessed by
ngh and Agora Roentgenography Assessment (ARA) scores
14]. The ImagikaTM package completed the analysis with
lobal offset measurement (Fig. 2). The acetabular side
as analyzed on the three zones of De Lee and Charn-
ey [15]. Bone-implant interface study on the FU views
ooked for radiolucency, a reaction line or osteolysis. Liner
racture was also meticulously explored for. Frontal cup
nclination was measured by the ImagikaTM software, and
nteversion by Door et al.’s method [16]. Finally, ossiﬁca-
ion was assessed at FU on Brooker et al.’s classiﬁcation
17].
Statistical analysis used Student t test for compari-
on of two groups, Chi2 test for comparison of qualitative
ariables, and Fisher exact test for comparison of mean




wpisodes. Serendipitous discovery of fracture during liner
emoval for acetabular replacement for instability.
esults
omplications and ceramic fracture
even of the 132 implants studied (5.3%) showed ceramic
iner fracture at a mean 32months’ FU, and underwent sur-
ical revision. None of these fractures involved trauma.
ne patient showed iterative fracture, discovered during
evision following two episodes of dislocation (Fig. 3); her
reoperative X-rays had shown no particularity. Another
atient had liner fracture undetected on clinical and radi-
logical examination; further analysis of the initial X-rays
ated the fracture to more than 3 years previously (Fig. 4 C).
s well as these liner fractures, there were three cases of
islocation (3.4%), and one of infection. Two patients (1.4%)
ere reoperated by psoas tenotomy for anterior muscle
mpingement. Evolution at end of FU was favorable in all
hese case, although those with liner fracture had signiﬁ-
antly lower functional scores after revision (Table 1).
Mean age for the series as whole was 59.4 years; patients
ith liner fracture were signiﬁcantly older, at a mean 69.2
ears (P < 0.009).
On the other hand, the fracture rate did not differ with
ender. Mean weight tended to be higher in case of liner
racture (91 kg (range, 68 to 101 kg) vs. 81.4 kg), but lack of
ower precluded statistical demonstration (P < 0.09, NS).
Global 74months’ survivorship for the series, irrespective
f the reason for revision (infection, tenotomy, dislocation)
as 91.6% (95% CI, 86.34—96.9), versus 94.64% (95% CI,
2.4—96.87) if the end point was liner fracture.
linical functional results
ean PMA score increased from 11.5 (8—14) preoperatively
o 17.2 (9—18) at FU (P < 0.001) (Table 2), but was lowerP < 0.05) (Table 1). More than 95% of patients had excellent,
ery good or good scores. Mean ﬂexion after primary surgery
as 102◦ (± 8.73◦) versus 88◦ preoperatively; it tended to be
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Figure 4 Radiographic liner fracture forms. A: Recent isolated liner fracture. B: Associated liner and ceramic head fracture. C:
Longstanding (≥ 3 years) fracture.
Table 1 Comparison of clinical and radiological parameters at follow-up between the whole series and the liner-fracture group.
Whole series Liner-fracture group P <
PMA (/18) 17.2 15.8 0.05
Harris (/100) 93.9 80 0.01
Postop ﬂexion 102◦ 91.6◦ NS
Devane 3.2 2.6 NS
UCLA 3.9 4 NS
Squeaking (cases) 11 (8.3%) 2 (28.5%) NS
Piston (cases) 15 (12.3%) 2 (28.5%) NS
Impingement (cases) 25 (20.5%) 3/6 (50%)b 0.01b
Satisfaction index (/10) 8.2 5.8 0.05
 global offset (mm)a −1.4 (69.4→68) +6.0 (70→76) 0.001
Cup inclination 44.3◦ 40◦ NS
Cup anteversion 12.6◦ 7.8◦ NS
PMA: Postel Merle d’Aubigné.
a Change in global offset after surgery, measured on ImagikaTM softw
b Impingement observed before liner fracture
lower (mean, 91.6◦) in case of liner fracture, although the
difference was not signiﬁcant. However, one patient with
liner fracture showed no risk factors other than very ele-
vated joint mobility, with hip ﬂexion exceeding 130◦. Harris
score showed comparable evolution, with signiﬁcant inter-
group differences on all items (Table 1).
Mean activity level on the Devane score was 3.2± 1.04
(range, 2 to 5), and tended to be slightly lower in case of
revision for liner rupture: 2.6± 1.21 (2 to 5), although the
difference was not signiﬁcant. Mean UCLA score, analyzing
sports activity, particularly for violent impact sports, was
Table 2 Evolution of main clinical and radiological param-
eters in the series as a whole.
Preoperative FU P <
PMA (/18) 11.5 17.2 0.001
Harris (/100) 54.1 93.9 0.001
Flexion 88◦ 102◦ 0.001
Global offset (mm) 69.4 68.0 NS






















.9± 1.5 (2 to 9) for the series as a whole; it was four in
he liner fracture group, although this difference was not
igniﬁcant (Table 1).
Abnormal noise was sometimes associated with a pros-
hetic impingement or piston. There were 11 cases of
queaking (8.3%), including two in liner fracture patients
28.5% of liner fractures), in whom it ceased after revi-
ion. Fifteen patients (12.3%) showed piston, including two
ith liner fracture (28.5% of liner fractures), in whom it
ersisted after revision. Twenty-ﬁve implants showed pros-
hetic impingement (20.5%); none of these were in the
iner-fracture group after surgical revision, whether 50%
efore revision (P < 0.01). In three cases of the global series,
he prosthetic impingement was in extension and external
otation and in 22 cases anterior (88%). The Morse taper
iameter did not inﬂuence the occurrence of prosthetic
mpingement, associated with a 10—12 taper in 13 cases and
12—14 taper in the other 12.
Mean overall satisfaction index on the visual analog scaleas 8.6± 0.93 (range, 6 to 10) after primary surgery. No
igniﬁcant correlation emerged with PMA or Harris score.
atisfaction index fell to 5.8± 1.77 (3 to 8) in case of liner















































































































n ARA criteria and Engh score, osseointegration was per-
ect in all stems, with no difference according to ceramic
racture. Radiologic FU found no osteolysis. ImagikaTM
nalysis of pre- and postoperative radiographs found a non-
igniﬁcant tendency for overall (femoral + acetabular) offset
o diminish (from 69.4mm (± 11.4; 59.8 to 82.4) to 68mm
± 8.49; 62.4 to 77.5)). In the liner-fracture group, on
he other hand, overall offset increased signiﬁcantly with
mplantation, from 70mm (± 6.84; 61.44 to 79.35) to 76mm
± 12.04; 64.92 to 84.1) (P < 0.001), and was in these cases
igniﬁcantly greater before revision (76mm vs. 69.4mm;
< 0.01).
Heterotopic ossiﬁcation was found in 23% of patients:
7.4% grade 1, 5.3% grade 2, 0.75% grade 3, and no grade 4.
here was no correlation between ossiﬁcation and reduced
obility, PMA or Harris score or surgical approach.
The cups were also analyzed on ImagikaTM software. In
he liner-fracture group, cups tended to show greater incli-
ation (40◦ vs. 44.3◦), although the difference was not
igniﬁcant (P < 0.09). Mean cup inclination on the horizon-
al plane was 44.3◦ (range, 26◦ to 65◦), with 77 cups (58%)
howing between 40◦ and 50◦ inclination. All but two cups
howed anteversion; one showed 11◦ retroversion associated
ith liner fracture requiring surgical revision.
Liner fractures showed various forms on X-ray (Fig. 4).
n most cases (6 out of 7), only the liner was fractured,
ith the head remaining perfectly spherical. In one case,
oth liner and head were seen to be fractured on X-ray. In
he one case of longstanding fracture, liner fragments had
igrated out of the hip joint towards the obturator fora-
en or beyond the fascia lata; this fracture dated back
ore than 3 years and seemed to have gone undetected on
ontrol X-ray at the time. Surgical revision included careful
nd extensive synovectomy to remove ceramic fragments
nclosed within ﬁbrous tissue; a ceramic-polyethylene revi-
ion friction-bearing was used, to allow any small debris to
e better tolerated by embedding into the polyethylene.
iscussion
he present functional results were comparable to those
eported for bulk ceramic liners, but with a higher fracture
ate. Yoo et al. [18] reported a mean Harris score of 97 at
mean 5 years’ FU in 100 patients with bulk ceramic cups,
ith only a single implant fracture (secondary to a road acci-
ent). Capello et al. [19] reported a mean Harris score of 96
n a series of 452 THRs, with two cases of non-traumatic bulk
eramic liner fracture at 6 and 9 years respectively.
The present results were also comparable to those
or 28mm metal-metal friction couples in a polyethylene
andwich, although there were no metal liner ruptures in
hose series [20]. Grubl et al. [21], with the same design,
eported 96.7% survivorship at 10 years. Although fracture
ever occurs in metal-metal couple sandwiches, metal-
olyethylene separation has been reported [22], although
ever with the original MetasulTM model but only with
ikometTM [23]. Another limitation of the ceramic-ceramic
oncept is the size of the friction couple, which can be
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ower incidence of prosthetic impingement and, theoreti-
ally, improved proprioception [24].
Fracture is reported in all series of THR using a ceramic-
olyethylene sandwich liner [5]. Mean fracture rate was
.44% for Poggie et al. [7] and 3.5% for Ha et al. [25]. Kircher
t al. [6] were more pessimistic, reporting a rate of 18%.
or Poggie et al. [7], like Hwang et al. [26], the mean time
o fracture was 25months, and 32months in the present
eries; Popescu et al. [27] also reported a longer interval,
f 36months. Thus liner fracture occurs quite early after
mplantation, and generally without associated trauma.
The present series showed no radiolucency or osteolysis
n radiography. These excellent results were comparable to
hose with impacted hydroxyapatite-coated cups with a bulk
eramic liner [18,19,28—30].
Prosthetic impingement may have contributed to frac-
ure in the present series. Bergmann et al. [31,32]
emonstrated that the force exerted during walking or run-
ing can reach eight times body-weight, with pressure peaks
t 4.4 to 4.8 kN. Other daily life events can induce con-
iderable stress in the implant: Robinovitch et al. [33,34]
howed that a fall of less than 1meter could apply a force
f 6 kN on the implant. Some of our patients must have
eached critical levels of implant stress during daily activ-
ty, as no particular trauma could be implicated in any case
f liner fracture. In one case, it would seem that dislo-
ation induced fracture (Fig. 3): the second liner fracture
n this patient was discovered serendipitously during revi-
ion for instability; to the best of our knowledge, this was
he ﬁrst such case in the literature. Weight would seem
ntuitively to be a risk factor, as hip stress is proportional
o body weight [35]. Five of the ceramic liner fracture
atients were obese, with a mean BMI of 31.4 kg/m2. Poggie
t al. [35] found a correlation between ceramic sand-
ich liner rupture and weight, with a 4.6-fold elevated
elative risk for body-weight > 91 kg. Other authors do not
onsider body-weight to be a direct risk factor for frac-
ure, unlike activity level, lifestyle and joint range of motion
5,26,27]. Mobility and prosthetic impingement were impli-
ated by Asian authors, whose patients continued to use
he traditional cross-leg squatting seated posture [5,36,37].
uch abnormal contact between the neck and the edge
f the ceramic component involves abnormal stress which
eads to fracture by producing small alumina chips in the
iner cavity. The present explant analysis seemed to con-
rm this hypothesis (Fig. 3). Prosthetic impingement alone
annot explain rupture, as fortunately not all patients show-
ng prosthetic impingement fractured their liner. Poggie
t al. [7], in a biomechanical study, failed to induce sand-
ich liner fracture by isolated prosthetic impingement.
a et al. [25] implicated joint laxity in liner fracture,
cting by decoaptation of the head during the step. A pros-
hetic impingement induces abnormal liner-edge contact in
lever-effect which causes decoaptation of the head, which
hen comes up against the opposite side of the liner dur-
ng repositioning, causing the ceramic to detach. A piston,
ndicating possible decoaptation between head and liner,
ay facilitate this, and was noted in 12.3% of the presenteries; two out of seven cases of piston were associated
ith liner fracture. Prosthetic impingement and joint lax-
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The rate of squeaking in the present series was 8.3%, and
varied in others: very low, at 0.8% for Capello et al. [19] and
0.3% for Lusty et al. [30], it reached 10.7% for Jarrett et al.
[38]. These abnormal noises are caused by abnormal so-
called ‘‘stripe-wear’’ in certain areas of the ceramic [39].
Component malpositioning and a degree of laxity can induce
stripe-wear, followed by squeaking and abnormal wear [40].
Taken together, these data from the literature suggest that
piston, noise and prosthetic impingement are linked, and
that patients exhibiting them require surveillance. In the
present series, 11 implants showed squeaking, 25 prosthetic
impingement, and 15 piston.
Cups showing liner fracture tended to be more horizon-
tal, although the difference was not signiﬁcant; other series
likewise found no signiﬁcant correlation, even though cups
were systematically more horizontal in case of liner fracture
[36]. Similar ﬁndings were reported for acetabular antever-
sion, signiﬁcantly greater according to Ha et al. [25] in case
of liner fracture, although this was in an Asian population
used to ﬂexible cross-leg squatting. On the femoral side,
global offset in the present series was signiﬁcantly greater
in case of liner rupture. We failed to ﬁnd any direct cor-
relation in the literature between increased femoral offset
and ceramic liner fracture. It has, however, been demon-
strated that the forces exerted on the implant are greater
in case of increased offset [41]: they may thus be expected
to increase the likelihood of fracture. Moreover, even a few
millimeters’ increase in global offset increases joint range of
motion [42,43], thereby increasing the risk of impingement
and thus of fracture.
Conclusion
With 91.6% 6-year survivorship from all causes, the present
results were moderately satisfactory, but with a 5.3% inci-
dence of ceramic liner fracture. Even so, there were no
cases of osteolysis, even with fortuitously discovered frac-
tures of some months’ standing. This 5.3% ceramic rupture
rate is unacceptable, especially in a young active popula-
tion. Risk factors were overweight and advanced age, large
joint range of motion, prosthetic impingement, disloca-
tion and postoperatively increased offset. Any one of these
factors entails mandatory close surveillance, especially as
fracture may go unnoticed by both patient and surgeon. Fix-
ing a ceramic liner in a polyethylene sandwich is a difﬁcult
technique that may not be solved by delta ceramics, which
have a higher theoretic resistance.
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The authors declare that they have no conﬂicts of interest
concerning this article.
References
[1] Boutin P. Total arthroplasty of the hip by fritted aluminum pros-
thesis. Experimental study and 1st clinical applications. Rev
Chir Orthop 1972;58:229—46.
[2] Charnley J. Low friction arthroplasty of the hip. Berlin:
Springer Verlag; 1979.
[499
[3] Sedel L. Evolution of alumina-on-alumina implants: a review.
Clin Orthop Relat Res 2000;379:48—54.
[4] Willmann G. Ceramic femoral head retrieval data. Clin Orthop
Relat Res 2000;379:22—8.
[5] Hasegawa M, Sudo A, Hirata H, Uchida A. Ceramic acetabular
liner fracture in total hip arthroplasty with a ceramic sandwich
cup. J Arthroplasty 2003;18:658—61.
[6] Kircher J, Bader R, Schroeder B, Mittelmeier W. Extremely
high fracture rate of a modular acetabular component with a
sandwich polyethylene ceramic linerion for THA: a preliminary
report. Arch Orthop Trauma Surg 2009;129:1145—50.
[7] Poggie RA, Turgeon TR, Coutts RD. Failure analysis of a
ceramic bearing acetabular component. J Bone Joint Surg (Am)
2007;89:367—75.
[8] Merle D’Aubigné R. Numerical classiﬁcation of the function of
the hip. Rev Chir Orthop 1990;76:371—4.
[9] Harris WH. Traumatic arthritis of the hip after dislocation and
acetabular fractures: treatment by mold arthroplasty. An end-
result study using a new method of result evaluation. J Bone
Joint Surg (Am) 1969;51:737—55.
10] Devane PA, Horne JG, Martin K, Coldham G, Krause B.
Three-dimensional polyethylene wear of a press-ﬁt titanium
prosthesis. Factors inﬂuencing generation of polyethylene
debris. J Arthroplasty 1997;12:256—66.
11] Zahiri CA, Schmalzried TP, Szuszczewicz ES, Amstutz HC.
Assessing activity in joint replacement patients. J Arthroplasty
1998;13:890—5.
12] Sutherland C. A ten-year follow-up of one hundred consecu-
tive Müller curved-stem total hip-replacement arthroplasties.
J Bone Joint Surg (Am) 1982;64:970—82.
13] Girard J, Touraine D, Soenen M, Massin P, Laffargue P, Migaud
H. Measurement of head penetration on digitalized radio-
graphs: reproducibility and accuracy. Rev Chir Orthop 2005;91:
137—42.
14] Engh CA, Massin P, Suthers KE. Roentgenographic assessment of
the biologic ﬁxation of porous-surfaced femoral components.
Clin Orthop Relat Res 1990;257:107—28.
15] De Lee JC. Radiological demarcation of cemented sockets in
total hip replacement. Clin Orthop Relat Res 1976;121:20—32.
16] Dorr LD, Kane TG, Conaty JP. Long-term results of cemented
total hip arthroplasty in patients 45-years-old or younger. A
16-year follow-up study. J Arthroplasty 1994;5:453—6.
17] Brooker AF, Bowerman JW, Robinson RA, Riley Jr LH.
Ectopic ossiﬁcation following total hip replacement. Inci-
dence and a method of classiﬁcation. J Bone Joint Surg (Am)
1973;55:1629—32.
18] Yoo JJ, Kim YM, Yoon KS, Koo KH, Song WS, Kim HJ. Alumina-on-
alumina total hip arthroplasty. A ﬁve-year minimum follow-up
study. J Bone Joint Surg (Am) 2005;87:530—5.
19] Capello WN, D’Antonio JA, Feinberg JR, Manley MT, Naughton
M. Ceramic-on-ceramic total hip arthroplasty: update. J
Arthroplasty 2008;23(Suppl. 7):39—43.
20] Delaunay C. Can metal-on-metal bearings improve the
longevity of total hip prostheses? Rev Chir Orthop
2005;91:70—8.
21] Grubl A, Marker M, Brodner W, Giurea A, Heinze G, Meisinger V,
et al. Long-term follow-up of metal-on-metal total hip replace-
ment. J Orthop Res 2007;25:841—8.
22] Milosev I, Trebse R, Kovac S, Cor A, Campbell P. Dissociation of
the metal inlay from the polyethylene liner in an uncemented
threaded cup. Arch Orthop Trauma Surg 2005;125:134—41.
23] Girard J, Soenen M, Monnin C, Migaud H. Bilateral simultaneous
metal inlay dissociation from the polyethylene liner of a metal-
on-metal hip replacement. Rev Chir Orthop 2009;95:443—6.24] Burroughs BR, Hallstrom B, Golladay GJ, Hoeffel D, Harris WH.
Range of motion and stability in total hip arthroplasty with




















25] Ha YC, Kim SY, Kim HJ, Yoo JJ, Koo KH. Ceramic liner fracture
after cementless alumina-on-alumina total hip arthroplasty.
Clin Orthop Relat Res 2007;458:106—10.
26] Hwang DS, Kim YM, Lee CH. Alumina femoral head fracture
in uncemented total hip arthroplasty with a ceramic sandwich
cup. J Arthroplasty 2007;22:468—71.
27] Popescu D, Gallart X, Garcia S, Bori G, Tomas X, Riba J. Fracture
of a ceramic liner in a total hip arthroplasty with a sandwich
cup. Arch Orthop Trauma Surg 2008;128:783—5.
28] Bizot P, Larrouy M, Witvoet J, Sedel L, Nizard R. Press-ﬁt metal-
backed alumina sockets: a minimum 5-year follow-up study.
Clin Orthop Relat Res 2000;379:134—42.
29] D’Antonio J, Capello W, Manley M, Naughton M, Sutton K.
Alumina ceramic bearings for total hip arthroplasty: ﬁve-year
results of a prospective randomized study. Clin Orthop Relat
Res 2005;436:164—71.
30] Lusty PJ, Tai CC, Sew-Hoy RP, Walter WL, Walter WK, Zicat
BA. Third-generation alumina-on-alumina ceramic bearings in
cementless total hip arthroplasty. J Bone Joint Surg (Am)
2007;89:2676—83.
31] Bergmann G, Deuretzbacher G, Heller M, Graichen F,
Rohlmann A, Strauss J, et al. Hip contact forces and
gait patterns from routine activities. J Biomech 2001;34:
859—71.
32] Bergmann G, Graichen F, Rohlmann A, Verdonschot N,
Van Lenthe GH. Frictional heating of total hip implants.
Part 2: ﬁnite element study. J Biomech 2001;34:
429—35.33] Robinovitch SN, Chiu J, Sandler R, Liu Q. Impact severity
in self-initiated sits and falls associates with center-
of-gravity excursion during descent. J Biomech 2000;33:
863—70.
[C. Szymanski et al.
34] Robinovitch SN, Hayes WC, McMahon TA. Prediction of
femoral impact forces in falls on the hip. J Biomech Eng
1991;113:366—74.
35] Willmann G. Ceramics for total hip replacement–
what a surgeon should know. Orthopedics 1998;21:
173—7.
36] Park YS, Hwang SK, Choy WS, Kim YS, Moon YW, Lim SJ. Ceramic
failure after total hip arthroplasty with an alumina-on-alumina
bearing. J Bone Joint Surg (Am) 2006;88:780—7.
37] Kim YS, Callaghan JJ, Ahn PB, Brown TD. Fracture of the
acetabulum during linerion of an oversized hemispherical com-
ponent. J Bone Joint Surg (Am) 1995;77:111—7.
38] Jarrett CA, Ranawat AS, Bruzzone M, Blum YC, Rodriguez JA,
Ranawat CS. The squeaking hip: a phenomenon of ceramic-
on-ceramic total hip arthroplasty. J Bone Joint Surg (Am)
2009;91:1344—9.
39] Walter WL, Insley GM, Walter WK, Tuke MA. Edge loading in
third generation alumina ceramic-on-ceramic bearings: stripe
wear. J Arthroplasty 2004;19:402—13.
40] Rieker C, Konrad R, Schon R. In vitro comparison of the two
hard-hard articulations for total hip replacements. Proc Inst
Mech Eng H 2001;215:153—60.
41] Giori NJ. Offset acetabular components introduce torsion on
the implant and may increase the risk of ﬁxation failure. J
Arthroplasty 2003;18:89—91.
42] Kessler O, Patil S, Wirth S, Mayr E, Colwell CWJr, D’Lima
DD. Bony impingement affects range of motion after total
hip arthroplasty: a subject-speciﬁc approach. J Orthop Res
2008;26:443—52.
43] McGrory B. Effect of femoral offset on range of motion and
abductor muscle strength after total hip arthroplasty. J Bone
Joint Surg (Br) 1995;77:865—89.
